Dear Editor, Ebola virus is negative-sense, single stranded RNA virus of the family Filoviridae. Since their discovery in 1976, Ebola viruses have caused numerous outbreaks of severe hemorrhagic fevers in Africa. The emergence of Ebola virus disease (EVD) in Guinea and its spread to urban centers in neighboring West African countries recently has caused international alarm. These filovirus infections are characterized by acute onset of illness after an incubation period of 221 days, with initial symptoms of fever, chills, myalgia, and malaise. The disease signs and symptoms frequently become more severe; many patients have features of systemic inflammatory response syndrome, such as fever, tachycardia and hyperventilation with less frequent leukopenia. Organ dysfunction (severe sepsis) and shock are also common; however, the capillary leak syndrome and subsequent secondary lung injury and hypoxia are much less apparent than with typical bacterial sepsis including. The terminal phase results in death or a prolonged convalescent period, depending on various host and viral factors. Death by shock and multi-organ failure typically occurs within 6-10 days after symptom onset. The case-fatality rate of EVD has been 50%60% [1].
Currently, no specific therapy is available that has demonstrated efficacy in the treatment of Ebola hemorrhagic fever. The search for a filovirus therapeutic has been historically challenging. Conventional antiviral strategies, such as ribavirin, recombinant IFN-α, and treatment with convalescent antisera have proven ineffective in animal trials; however, there are examples where different approaches have demonstrated a survival benefit. Nucleoside analogue inhibitors of the cell-encoded enzyme S-adenosylhomocysteine hydrolase (SAH) have been shown to inhibit Zaire ebolavirus replication in adult BALB/c mice infected with mouse-adapted Ebola virus. Inhibition of SAH indirectly inhibits transmethylation reactions required for viral replication. Smith et al. [2] found that in rhesus macaques infected with a lethal dose of Ebola virus, treatment with interferon beta early after exposure led to a significant increase in survival time, though it did not reduce mortality significantly. Passive immunity has been attempted by using equine-derived hyperimmune globulins and human-derived convalescent immune globulin preparations. In Ebola virus-infected cynomolgus macaques, use of human recombinant interferon α-2b in conjunction with hyperimmune equine immunoglobulin G (IgG) delayed but did not prevent death [3] . During the 1995 outbreak in Kikwit, Democratic Republic of Congo, human convalescent plasma was used to treat eight patients with proven Ebola disease, and only one patient died. Subsequent studies could not demonstrate survival benefit conferred by convalescent plasma products. The survival of these patients suggests that passive immunity may be of benefit in some patients. DNA vaccines expressing either envelope GP or nucleocapsid protein (NP) genes of Ebola virus have been demonstrated to induce protection in adult mice exposed to the virus. These vaccines were administered by coating gold beads with DNA ex-pressing the genes for either GP or NP, and they were delivered by skin particle bombardment using a PowderJect-XR gene gun. Both vaccines induced measurable antibody responses detected by enzyme-linked immunosorbent assay and induced cytotoxic T-cell immunity [4] . Other experimental therapies that use available drugs, though not approved by the US Food and Drug Administration for treatment of Ebola virus infection, may be considered. Agents that may reduce mortality without directly effecting viral replication include activated protein C and a recombinant nematode anticoagulant protein (NAP) that inhibits activated factor VII-tissue factor complex. NAP resulted in attenuation of the coagulopathy associated with decreased fibrinolysis and fibrin deposition with a resultant decrease in the severity of the systemic inflammatory response syndrome. All of the strategies described above that provided protection were administered either before or shortly after a lethal challenge. In the absence of any licensed prophylaxis or treatment, supportive care for individual patients has been fraught with difficulty and evoked widespread suspicion and fear in affected communities. Current procedures for dealing with suspected or confirmed cases include disrupting virus transmission in the form of quarantine and barrier protection, and palliative care. As yet, there has been no sign the outbreak is abating.
The pathogenesis of EVD in human remains poorly understood. The usual study model is infection of non-human primates, while other valuable insights gained from rodent models are constrained by differences in clinical features. A common pathogeznic feature of viral haemorrhagic fever viruses is their ability to disable the host immune response by attacking and manipulating the cells that initiate the antiviral response [5] . End organ dysfunction in EVD results from a combination of direct injury of virus-infected tissues and the indirect effects of the immune response. Within an outbreak, viral strain variation is limited and host response is the main determinant of outcome. Recovery from Ebola infection is associated with early and well-regulated inflammatory responses, including early antibody production, reduced T cell apoptosis and more rapid clearance of viraemia compared to fatal cases. Strategies that provide cheap, easily administered, and potent virus inhibition in a patient displaying EVD remain elusive. We may get some clues from previous observations. A large outbreak of human enterovirus 71 (EV71)-associated hand-foot-and-mouth disease (HFMD) in China from March through May 2008 resulted in 61,459 cases, including 38 deaths. The clinical characteristics of this outbreak in China were mainly associated with central nervous system (CNS) involvement. We systematically compared the changes in peripheral lymphocyte subsets in EV71-infected patients with and without CNS complications. The results demonstrated a significant increase in the absolute count and percentage of B lymphocytes in children with symptoms of encephalitis at the acute stage, followed by a rapid recovery of the parameters to normal levels 2-3 weeks later during the convalescent stage. IgG levels were significantly higher in the CNS group compared to the mild cases [6] . It appears that the immunophenotypic changes are associated with the severe clinical manifestations of HFMD. We hypothesize that patients with severe EV71 infections rapid recovery of CNS complications were related to the restoration of IgG levels or B cells during the acute phase under Intravenous immunoglobulin (IVIg) treatment. In previous studies, IVIg therapy shown to be susceptible to chronic enterovirus infections and administration of IVIg could ameliorate disease.
Immunoglobulins are large Y-shaped proteins produced by B-cells and plasma cells. IVIg is used at replacement dose (200400 mg kg 1 3 weekly) to treat patients with primary antibody deficiencies, while high-dose IVIg is used as an immunomodulatory agent in a wide range of autoimmune and inflammatory disorders as well as bacterial and viral infections that do not respond to conventional therapy. IVIg is prepared from pooled plasma from a high number of donors which are frequently used off label in many autoimmune conditions. Several mechanisms of action of IVIg have been proposed, including maturation of antigenpresenting cells, induction of regulatory T-cell subsets and a general anti-inflamatory capacity. More recent data suggest that the presence of "natural antibodies" may be key to biological relevant IVIg activities by enhancing the maintenance of cellular and tissues homeostasis via stimulation of cell surface receptors [7] . Gorochov et al. [7] identified large plasma-cell mobilization exclusively in IVIg-treated autoimmune patients 7 days after initiation of treatment.
The majority of IVIG-mobilized plasma cells were immature HLA-DRhigh/CD138low/CXCR4low plasma cells expressing intracellular immunoglobulin G which were neither IVIg-nor human IgG-specific. Strong negative correlation noted between the absolute number of IVIg-mobilized plasma cell and time to improve neurological function of Guillain-Barre syndrome (GBS). They made a conclusion that IVIg promotes immature plasma cell mobilization in patients with GBS, and prominent day 7 plasma-cell mobilization is a favorable prognostic marker in patients with GBS receiving IVIg treatment. We have to seek optimal antiviral strategies which could easily obtain and could afford in underdeveloped countries. The use of IVIg as a replacement therapy in patients with primary Ab deficiency is still the main indication in the field of infectious disease treatment and prevention. It is likely that the modulation of the inflammatory response in tissues affected by viral pathogens also plays an important role in modulating the disease. Hyperimmune immunoglobulin has been used successfully to treat WNV-induces encephalitis [8] . IVIg reduces mortality in combination with antiviral drugs in adult HSCT recipients with respiratory syncytial virus infection if the IVIg therapy was initiated before the onset of severe respiratory failure [9] . Antipathegen-specific and immune-modulatory effects may sup-plement each other. IVIg may help to re-equilibrate the relative proportions of specific and naturally occurring Abs (NoAbs), and this could be the base of beneficial effects observed in patients with HIV or H1N1 influenza infection [10] . Therefore, we can also make a hypothesis that EVD could also benefit with the intervention of IVIg in the early stage of the disease. No experimental results could learn from EVD treatment in the past several decades. We should not just wait for it to vanish spontaneously.
IVIg is currently used in a wide range of clinical conditions. It may probably also work in viral infections, especially the virus which does not respond to conventional antiviral strategies, such as Ebola virus. The clinical relevance concerning the mechanisms of action has been highlighted although the knowledge of molecular mechanisms in specific conditions is relatively limited.
